I
n societies faced with rapidly growing health care costs, measuring the economic burden of illness can reveal which components of health care make the largest contributions to total costs. Traditionally, cost of illness assessments have proceeded in a retrospective fashion using data from existing sources, resulting in a population-based summary of average costs (1) . Such an approach is valuable for generating an overall cost for the target population; however, researchers often encounter missing data and need to make assumptions. This reduces the precision of the result and its value to health professionals and policy makers. Observational study designs hold promise for economic assessments that require accurate measurements of costs and the utilization of health care resources. Data on a full range of economic variables may be collected, along with disease and demographic information. Precision may be assessed through the application of stochastic methods (2) , and the results may be stratified into clinically meaningful categories. Costs can be expressed at the patient level and from multiple perspectives, facilitating interpretation and application to decision-making. Prospective evaluations are hindered by cost and the challenge of implementing a sampling strategy that ensures the generalizability of the results to the target population in the region of interest.
The rising prevalence and morbidity of asthma in Canada (3) (4) (5) (6) , estimated at 2% in 1979 and 6% in 1994, and uncertainty regarding the determinants of this upward trend (7, 8) raise concern regarding the availability of appropriate care and the consequences of reductions in health services. The economic burden of asthma has been investigated in several countries (9) (10) (11) (12) and has been estimated at $504 million (1990 Canadian dollars) in Canada (9) . However, these studies were constrained by the limitations of retrospective data collection. Given the changing epidemiology and treatment of asthma, prospective economic assessments are needed to monitor changes in the cost of this disease and its impact on patients' lives.
The purpose of this study was to develop a prospective observational study design, relying on patient self-reports, to generate a comprehensive estimate of the overall cost of illness in a sample of asthmatic patients. A stochastic approach was taken so that indicators of precision (95% CI) could be presented alongside point estimates of total costs. Analyses were undertaken from the perspectives of society, the Ontario Ministry of Health and the patient.
PATIENTS AND METHODS
Patient sample: Study patients were drawn from registrants in the Pharmacy Medication Monitoring Program (PMMP) Bronchial Inhalers project. The PMMP is a communitybased prospective medication surveillance program based at St Joseph's Hospital in Hamilton, Ontario that targets users of specific medication classes. The methods used to recruit pharmacies and enroll patients have been published elsewhere (13, 14) . The Bronchial Inhalers project received ethics approval from McMaster University, Hamilton, Ontario, and participants provided written informed consent. This study focused on health outcomes and health services use reported by adult patients filling prescriptions for bronchial inhalers in pharmacies across south central Ontario, including pharmacies in St Catharines, Hamilton, Burlington, Oakville, Mississauga, Brampton, Guelph and KitchenerWaterloo, Ontario. The project recruited 2078 subjects between May and October 1995, and 1588 subjects successfully completed their six-month interview by March 31, 1996 ( Figure 1 ). Among the 1588 registrants who completed the study, 940 patients aged 15 years or older were classified as having asthma. They were patients who had a prescription for a bronchial inhaler medication and who reported experiencing shortness of breath, wheeze or recurrent cough in the past. Patients over age 55 years with a smoking history of 20 pack-years or more and patients using oxygen were excluded. Before assessing the cost of illness in the 940 adult patients, the patients were stratified according to disease severity, based on reported medication use over the six-month study period. Medication use has been recommended as a method of ascertaining disease severity in the absence of clinical information (15 based on clinical expert opinion and Canadian prescribing guidelines that were available at the time of the study (16) . The criteria used to define asthma and disease severity are described in Table 1 . Data collection: Participants underwent telephone interviews at one, three and six months after registration, at which time they reported demographic characteristics as well as medication consumption, use of health services and symptoms. The telephone interview questions were worded and framed to concentrate specifically on respiratory-related resource use and productivity losses. Health-related quality of life was measured with the SF-36 questionnaire, a generic health status instrument (17) . Health services consisted of respiratory-related visits to general or family practitioners (GP), specialists or emergency rooms (ER) not resulting in an admission and hospitalizations. At the one-month (baseline) interview, patients recalled their use of health services for the previous six months (GP visits) or the previous 12 months (specialist visits, ER visits and respiratory admissions). At subsequent interviews, patients reported use that occurred since the previous interview, a duration of two to three months. The reliability of these recall intervals has been demonstrated in previous studies (18) (19) (20) and in this study (21) . The interviews included questions on the use of and out-ofpocket payments for privately insured and complementary health care services, copayments for drugs and devices, transportation costs, absences from work or usual activities, restricted days, and travel and waiting time (21) .
Measurement of costs:
A cost of illness model was constructed to evaluate respiratory-related direct and indirect costs from the perspectives of society, the Ontario Ministry of Health and the patient. Costs were calculated by multiplying asthma-related health resources used by the unit cost. Because the true value of resources (opportunity costs) are difficult to quantify for most services and products, prices and fees (excluding taxes) were used. Measurements of heath resource utilization spanned periods that varied from 18 months to six months, depending on the type of health care resource. All utilization rates were adjusted to annual rates per person. In the societal perspective, direct medical costs included asthma-related health services and prescription medications, while direct patient costs were out-of-pocket expenses to access asthma-related care. In the societal perspective, indirect costs consisted of productivity losses associated with asthmarelated absences and restricted activity days as well as travel and waiting time associated with the use of asthma-related health services. From the Ministry of Health perspective, direct medical costs paid for by the provincially administered health insurance program were included (health services for all ages and medications for persons over 65 years). The patient perspective comprised the patients' contributions to asthma-related medication and device costs, noninsured health services, out-of-pocket expenses and asthma-related lost income. All costs were expressed in 1995 Canadian dollars.
The unit costs and sources for each item are listed in Ta lengths of stay (LOS) were obtained for asthma ICD9-CM code 493.00 (22) from the Ontario case-costing project, a joint initiative of the Ontario Hospital Association and the Ontario Ministry of Health. Hospital costs included nursing services, laboratory and diagnostic tests, medications, social services, and overhead (administration, housekeeping, etc). The latter was allocated using the simultaneous equation allocation method (23) . The fee for an in-patient specialist consultation was added (24) . Patients' self-reported LOS were used for admissions reported at baseline and case-costing LOS values for subsequent admissions. The average total cost of an ER visit was estimated by the Chedoke-McMaster case-costing model (9) . Out-patient laboratory costs consisted of pulmonary function testing. Dispensing fees were assessed separately from the drug cost component from the societal and Ministry of Health perspectives. The dispensing fees of pharmacies where patients purchased their medications were obtained from the College of Pharmacists. For patients over age 65 years, the Ontario government dispensing fee of $6.11 was used (25) . Respiratory drug prices were the best available price listed in the 1995 Ontario drug formulary (25) . For nonformulary drugs, prices were obtained from a drug wholesaler. The cost of each medication over the course of the study was calculated by multiplying the estimated number of prescriptions for the medication by the cost per prescription. Information on changes to drug regimens and dosages was incorporated. The costs of each medication were summed to yield the total medication cost per patient. The costs for respiratory-related complementary health services (chiropractors, physiotherapists, homeopaths, naturopaths and acupuncturists) were calculated by multiplying the reported number of sessions by the reported out-of-pocket expense per session. Fees for chiropractors and physiotherapists reimbursed by the provincial health plan were included in the Ministry of Health analysis.
Indirect costs (productivity losses) were measured as the days lost from productive activities because of asthma, the days that patients worked despite asthma symptoms (restricted days), and travel and waiting time associated with receiving out-patient asthma care. The patients' reported level of functioning was used to value the time loss for restricted days. Indirect costs were measured by multiplying the total time loss by the person's reported salary, which was reported by 85% of employed persons (1) . In the societal analysis, productivity losses of employed persons were valued fully at 1.0 and those of homemakers, the unemployed, students, retirees and disability pensioners were valued at 0.4. This value is consistent with evaluations of the productivity loss of unpaid labour (1) and was assessed in a sensitivity analysis (21) . In the analysis from the patient perspective, the productivity loss of employed persons who did not incur a loss in pay during a work absence was valued at zero. Sex-and agespecific mean salaries of the study sample were used to impute values for nonlabour categories and the 15% of employed persons not reporting a salary. Regression analysis: Ordinary least squares regression analysis was used to explore the impact of explanatory variables on costs. These variables included age, sex, disease severity, smoking status, education, occupation, drug plan availability and season of participation. Occupation was ex- cluded from the societal and patient perspective analyses because it was endogenous to the calculation of indirect costs, ie, weights for the value of time losses were assigned based on the occupation category. The distribution of costs was skewed because of very high costs occurring in a few patients. Methods for handling skewed data were employed (26) . Each patient's unadjusted total costs were logarithmically transformed to approximate a normal distribution. Multiple regression modelling determined which variables were statistically significant predictors of costs, using a P£0.05. Where main effects were significant, the Duncan test was used to perform pair-wise tests of significance. Goodnessof-fit was measured by the statistical significance of the model F ratio and individual regression coefficients. Explained variation was assessed by the coefficient of determination. The regression equations were used to determine the adjusted mean costs and 95% CIs. Log transformed costs and 95% CIs were retransformed using the smearing estimator (26) . Quality of life assessment: In addition to direct and indirect costs, psychosocial costs contribute to the overall burden of disease (1) . Because intangible costs cannot be quantified, they were represented by assessing changes in health-related quality of life. The impact of asthma on health-related quality of life was represented by the eight dimension scores of the generic SF-36 quality of life instrument: physical function, social function, physical role limitations, bodily pain, general health, vitality, emotional role limitations and mental health (17) . A higher score indicates a better quality of life. The use of the SF-36 facilitates quality of life comparisons of the asthma patients in this sample with other patients in other studies and with patients who have other diseases. Because one-way ANOVA for repeated measures demonstrated that the one-, three-and six-months values were not significantly different, the means of the baseline, three-month and sixmonth domain scores were used in the analysis. The statistical significance of differences in SF-36 dimension scores across disease severity levels was investigated using the Kruskal-Wallis test.
RESULTS

Sample characteristics:
In addition to unit cost information, Table 2 shows the average annual utilization in patients using the service. Each patient filled 15.4 prescriptions per year and was treated with 2.2 different types of medications. The 683 patients (73%) reporting a work or usual activity loss experienced a mean time loss of 23 days per year. Table 3 shows the study sample characteristics. The majority of patients were women, were aged 15 to 54 years and were employed. A large majority had private drug plans, although one-third of these patients were required to make copayments. Current smokers comprised 24% of the sample. Mild and moderate asthmatic patients accounted for 76% of the sample, and most patients used both a bronchodilator and an inhaled anti-inflammatory medication. One or more respiratory-related physician visits (GP or specialist) were reported by 79% of patients; most of these visits were to a Health and the patient are shown in Table 4 . From both the societal and Ministry of Health perspectives, the largest single component was hospital admissions. Medications and dispensing fees together contributed the same proportion (22%) as admissions in the societal analysis and 15% of total costs from the Ministry of Health perspective. From the patient perspective, medication costs, which consisted of the full price of drugs plus dispensing fees for the uninsured and copayments for persons with a drug plan, were the largest single component of direct costs but accounted for only 5.5% of the unadjusted annual total. Indirect costs constituted 92% of costs from the patient perspective. 
Cost of illness model:
The attributes of the three regression models generated to explore the adjusted annual cost of asthma from the perspectives of society, the Ministry of Health and the patient are shown in Table 5 . The model F statistic for each of the models was highly significant (P<0.0001). While log transformation was effective in reducing the effects of skewed distributions, considerable unexplained variation remained in each of the models. In all models, costs increased significantly with increasing disease severity.
In the societal model, the effects of various age groups were tested; persons aged 40 years or older had significantly higher costs than younger adults. Smoking was also a significant explanatory factor for higher costs. Drug plans were associated with higher costs, while sex, education and season of participation were not significant predictors. There were no significant interactions among these variables. Annual costs to the Ministry of Health were best explained by a model containing disease severity and occupation, and a severity-occupation interaction term. Disease severity and smoking status were significant explanatory variables in the patient perspective multiple regression model.
The average annual costs, stratified by disease severity and adjusted by significant explanatory variables, are presented in Table 6 for each of the three perspectives. From the societal perspective, the least costly group was young, nonsmoking adults with mild asthma and no drug plans. Their annual total costs were $1,255 per patient, while the most costly group were severely ill, older, smokers with drug plans, with annual costs of $5,032 per patient. Overall, annual costs increased 37% between mild and moderate patients, and 76% between moderate and severe patients.
Holding disease severity, age group and smoking status constant, patients with a drug plan had significantly higher annual drug costs compared with patients with no drug plan ($446 versus $208 per patient, P<0.0001), resulting from significantly more prescriptions per year (16 versus 10 per patient, P<0.0001). Among patients with a drug plan, those facing a copayment had significantly fewer prescriptions per year (13 versus 17 per patient, P<0.002).
In the Ministry of Health analysis, the costs of students, employed and unemployed persons were similar within severity strata. Disability pensioners and homemakers had higher costs among severely ill patients. The interaction between severity and occupation resulted from retirees who exhibited an increasing relative cost because disease severity increased from mild to severe compared with the other occupations. The least costly subgroup was employed persons with mild asthma, with average annual adjusted costs of $577 per person, while the most costly group was retired persons, with average annual costs of $1,966 per patient.
In the patient perspective, nonsmokers with mild asthma faced the lowest personal costs, with an annual average of $493 compared with $1,090 in mild asthma patients who smoked. The most costly group was smokers with severe asthma, with average annual personal costs of $2,229. Quality of life: Table 7 displays the SF-36 health-related quality of life results compared with United States population norms. Canadian population norms are not available. In this study, the domain scores decreased with increasing asthma severity. Statistical significance was observed for all domains except bodily pain, emotional role limitations and mental health (Kruskal-Wallis, P<0.0001). Physical function, physical role limitations and general health scores demonstrated statistically significant correlations with severity (P<0.0001), with Spearman coefficients of -0.23, -0.20 and -0.21, respectively. The physical aspect domain scores in this study were similar to the means observed in samples of clinically diagnosed asthma patients (27, 28) . Mean SF-36 domain scores were within five points of American population norms for bodily pain, social function, emotional role limitations and mental health (29) . Larger deviations from norms were seen with physical function, physical role limitations, general health and vitality.
DISCUSSION
The results show that prospectively collected data can be used to estimate the cost of asthma and that estimates derived in this way can be used to explore factors that influence costs. In the societal analysis, admissions and medications each contributed 22% of total costs. Trends toward reduced lengths of stay and aggressive therapy with inhaled corticosteroids and new therapies such as antileukotrienes may cause medication costs to surpass admissions as a percentage of total costs. The societal perspective analysis revealed significantly higher costs for patients with more severe disease, older patients, smokers and patients with a drug plan. Drug plan holders purchased more medications than nondrug plan holders. The Ministry of Health analysis provided evidence of the high annual costs of retirees and disability pensioners. The patient perspective analysis revealed which health care cost components were directly absorbed by the patient. This study was completed before the introduction of copayments and deductibles to the Ontario provincial drug plan, thus patient medication costs may be greater than these estimates. The patient perspective analysis emphasizes the importance of measuring indirect costs. With hospital admissions moving towards shorter lengths of stay, an increasing burden will likely be placed on family members to provide care. The consequent productivity losses of these care providers may increase, reflecting this shift in costs. The SF-36 questionnaire, a generic instrument, has been criticized for its inability to distinguish among patients with disease of varying severity (30) (31) (32) . However, Bousquet et al (27) found significant correlations between clinical measures of pulmonary function, and the SF-36 domains of physical function, general health, pain and physical role limitations. The results of the present study confirm the findings of van der Molen et al (28) who found the SF-36 to be a valid and sensitive instrument in assessing quality of life impairment in asthma patients.
In the present study, SF-36 physical aspect domain scores were comparable with those of clinically-diagnosed asthma patients (27, 28) , and significant correlations were found between disease severity and physical function, general health and physical role limitations.
Several studies have examined the cost of asthma in the United States, Canada and elsewhere. While some studies evaluated large populations (9-12), others measured costs in defined samples of patients (33) (34) . Unlike populationbased assessments that generate aggregate estimates of cost of illness, the present study took a microlevel approach, determining the patient-specific costs of respiratory-related treatments. This enabled assessment of the variation in the sample and the construction of 95% CI. Moreover, the prospective approach used in this study allowed adjustment for the effects of key explanatory variables.
There were a number of limitations. The Bronchial Inhalers project did not draw a random sample of respiratory patients from the population. While participating pharmacists were encouraged to enroll all eligible patients into the study, the proportion of moderate and severe patients enrolled in the study was likely higher than that of the general asthma population. Thus, the ability to control for disease severity in the assessment of costs is an important design feature. However, enrolment was limited to patients in south central Ontario, whose pattern of health service use may not be representative of use across the whole province or use in other provinces. Another challenge was establishing an asthma case definition in the absence of clinical information. It is possible that cases of acute bronchitis and mild chronic obstructive pulmonary disease were included, although this was minimized by entry criteria that required asthma symptoms and excluded older, multipack-year smokers. Because only asthma patients prescribed a bronchial inhaler were included, the costs of patients who had not been diagnosed were not reflected. The economic burden of the undiagnosed population remains unknown. Although the analysis was limited to one year, this was long enough to consider seasonal variation. While the costs associated with premature mortality were omitted, fatal asthma remains rare in Canada (5) . All health services utilization data were derived from patient selfreports. In a separate investigation, the reliability of the self-report was assessed by comparing self-reported health service visits and admissions with those recorded in the Ontario Health Insurance Program claims database. The reliability was found to depend on the type of health service. Agreement was substantial for admissions and visits to specialists and was fair to moderate for GP visits (35) . A number of items were missing from the cost of illness analysis, including ambulance services and home care services. These contributed less than 1% of costs in the population study (9) .
The use of the human capital method has been questioned as the optimal method for assessing the indirect costs of illness. Research into alternative methods, such as the friction cost method (36) and willingness-to-pay (37), may result in improvements to the evaluation of productivity losses.
Finally, the measurement of the intangible costs of asthma was undertaken with a general rather than a disease-specific health status instrument. In this study, the SF-36 succeeded in discriminating between levels of disease severity and facilitated comparisons across studies and diseases.
CONCLUSIONS
The prospective approach used in this study resulted in a comprehensive and precise total cost of asthma in a sample of patients in southern Ontario. The results suggest that interventions aimed at reducing productivity losses, admissions and medication costs may result in savings to society, the Ministry of Health and the patient. Age-and severity-specific cost estimates may prove valuable as Ontario hospitals move from global budgeting to case mix models, and provider practices evolve from fee-for-service to capitation reimbursement. The costs observed in this study can be used as benchmarks in a health care climate characterized by an increasing prevalence of asthma, by the presence of novel antiasthmatic medications, by changes in practice patterns and by the reorganization of provincial health care services. The quality of clinical and health policy decision-making may be enhanced by cost of illness estimates that are comprehensive, precise and expressed from multiple perspectives.
